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Abstract of JP1 1045861 

PROBLEM TO BE SOLVED: To provide a method 
and an apparatus which enable the reduction of 



formation of deposits in an exhaust passage and 
reduction of metal contamination from a lower part 
of a chamber. SOLUTION: A single wafer reactor 
having a vented lower liner for heating exhaust gas 
is provided. This apparatus includes a reaction 
chamber. A wafer support member which divides 
the chamber into upper and lower portions is 
positioned within the chamber. A gas outlet for 
exhausting gas from the chamber has a vent for 
exhausting a gas from the lower portion of the 
chamber and an opening of an exhaust passage 300 
for exhausting the gas from the upper portion of the 
chamber. Heated inert purge gas is fed from the 
lower chamber portion 224 through the vent 306 so 
as to prevent the deposition gas from condensing 
inside the exhaust passage. 
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Description of corresponding document: EP0870852 

The present invention relates to semiconductor processing equipment, more particularly, to a methoc 
apparatus for reducing particle contamination in a semiconductor processing apparatus. 

One type of processing apparatus for semiconductor wafers is a single wafer processor in which one 
at a time is processed in a processing chamber. An example of a single wafer reactor is shown in Fig 
A susceptor 120 divides a chamber 112 into one portion which is below the susceptor (the lower por 
124, and a second portion which is above the susceptor (the upper portion) 122. The susceptor 120 h 
generally mounted on a shaft 126 which rotates the susceptor about its center to achieve a more unif 
processing of the wafer. A flow of a processing gas, such as a deposition gas 1 15, is provided in the 
portion 122 of the chamber. The chamber generally has a gas inlet passage 178 at one side thereof, a 
gas exhaust passage 1 16 at an opposite side to achieve a flow of the processing gas across the wafer, 
susceptor 120 is heated in order to heat the wafer to a desired processing temperature. One method u 
heat the susceptor is by the use of lamps 134 provided around the chamber and directing their light i: 
chamber and onto the susceptor 120. In order to control the temperature to which the wafer is being '. 
the temperature of the susceptor is constantly measured. This is often achieved by means of an infrai 
temperature sensor 136 which detects the infra-red radiation emitted from the heated susceptor. 

A problem with this type of processing apparatus is that some of the processing gas, which is often a 
mixture of gases for depositing a layer of a material on the surface of the wafer, tends to flow arounc 
edge of the susceptor and deposits a layer of the material on the back surface of the susceptor. Since 
deposited material is generally different from the material of the susceptor, the deposited layer has a 
emissivity which is different from that of the emissivity of the susceptor. Thus, once the layer of the 
material is deposited on the back surface of the susceptor, the infrared temperature sensor detects a c 
caused by the change in the emissivity of the surface from which the infra-red radiation is emitted. T 
change indicates a change in temperature of the susceptor which actually does not exist. 

One technique which has been used to prevent the problem of deposits on the back surface of the sus 
is to provide a flow of an inert gas 121, such as hydrogen, into the lower portion of the chamber at a 
pressure slightly greater than that of the deposition gas in the upper portion of the chamber. One app 
for achieving this is described in the application for U.S. Patent of Roger N. Anderson et al., Serial f 
08/099/977, filed July 30, 1993, entitled "Gas Inlets For Wafer Processing Chamber". Since the iner 
the lower portion of the chamber is at a higher pressure, it will flow around the edge of the susceptoi 
the lower portion of the chamber and into the upper portion of the chamber. This flow of the inert ga 
prevents the flow of the deposition gas 115 into the lower portion of the chamber.Unfortunately, ho\ 
as the purge gas flows from the lower portion of the chamber to the upper portion of the chamber in 
to exit through the exhaust passage 116 located in the upper portion 122 of chamber 122, it carries n 
contaminants from the lower portion of the chamber into the upper portion, resulting in contaminatic 
wafers being processed. 

Another problem associated with the processing apparatus of Figure 1 is that as deposition gas 1 1 5 e 
the chamber through exhaust passage 116, the deposition gas cools and condenses to form deposits 1 
within the exhaust passage 116. Deposition gas cools because the apparatus of Figure 1 is a "cold w* 
reactor". That is, the sidewali of the deposition chamber is at a substantially lower temperature than : 
susceptor 120 (and wafer) during processing because the sidewali is not directly irradiated by lamp 1 
due to reflectors 135 and because cooling fluid is circulated through the sidewali. Since the sidewali 
the exhaust outlet passage are at a lower temperature, the deposition gas heated by susceptor 120 co( 
while in the passage and forms deposits 114 therein. These deposits 114 can find their way back intc 
chamber 112 and onto the wafer being processed.Deposits 114 can detrimentally affect film quality s 
uniformity which can result in a substantial decrease in device yield. 
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Thus, what is desired is a method and apparatus which can reduce the formation of deposits in the e> 
passage and which can reduce metal contamination from the lower portion of the chamber. 

In preferred embodiments, the present invention relates to a single wafer reactor having a vented lov 
liner for heating exhaust gas. The apparatus of the present invention preferably includes a reaction 
chamber. A wafer support member which divides the chamber into an upper and lower portion is 
preferably positioned within the chamber. An exhaust channel may be formed in the sidewall of the 
reaction chamber to exhaust gas from within the chamber. Deposition gas is preferably exhausted th] 
an exhaust passage located between the upper portion of the chamber and the exterior sidewall of the 
deposition chamber. A high flow rate of heated purge gas may be exhausted from the lower portion < 
chamber through a vent located between the lower portion of the chamber and the exhaust passage.! 
high flow rate of heated purge gas into the exhaust passage prevents the exhausted deposition gas frc 
condensing in the exhaust passage and forming deposits therein. 

BRIEF DESCRIPTION OF THE DRAWINGS 



Figure 1 is an illustration of a cross-sectional view of a single wafer reactor. 
Figure 2 is an illustration of a single wafer reactor of the present invention. 

Figure 3 is an illustration of an expanded cross section view of the gas exhaust outlet of the single w 
reactor of the present invention. 

Figure 4 is an illustration of an overhead view of the susceptor and preheat member of the single wa 
reactor of the present invention. 

Figure 5a is an illustration of a frontal view of the vent and exhaust passage of an embodiment of th* 
present invention. 

Figure 5b is an illustration of a frontal view of the vent and exhaust passage of another embodiment 
present invention. 

The present invention relates to a method and apparatus for preventing the condensation of depositic 
in the exhaust passage of a single wafer processing reactor. In the following description numerous s\ 
details are set forth such as specific heating elements, gases, etc., in order to provide a thorough 
understanding of the invention. In other instances, well known reactor features and processes have n 
been explained in detail in order to not unnecessarily obscure the preferred featured present inventio 

The present invention preferably relates to a single wafer reactor. A susceptor for holding a wafer to 
processed is positioned within a deposition chamber and divides the chamber into an upper portion a 
lower portion. Deposition gas which feeds into the upper portion of the chamber and across the wafe 
exhausted through an exhaust passage which extends from the upper portion of the chamber and out 
through a sidewall in the deposition chamber. An inert gas, such as H2, is fed into the lower portion 
chamber and is exhausted through a vent formed between the lower portion of the chamber and the t 
passage. A high inert purge gas flow rate provides a large amount of heated gas into the exhaust pas? 
which prevents the deposition gases from condensing and forming deposits therein. Additionally, by 
exhausting the purge gas directly from the lower portion of the chamber, metal contamination from 1 
lower portion of the chamber is reduced. 

A semiconductor wafer processing apparatus 210 in accordance with a preferred embodiment of the 
present invention is shown on Figure 2. The processing apparatus 210 shown is a deposition reactor 
comprises a deposition chamber 212 having an upper dome 214, a lower dome 216 and a side wall 2 
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between the upper and lower domes 214 and 216. Cooling fluid (not shown) is circulated through sic 
218 in order to cool "o" rings used to attach domes 214 and 216 to sidewall 218. An upper liner 282 
lower liner 284 are mounted against the inside surface of sidewall 218. The upper and lower domes 
and 216 are made of a transparent material to allow heating light to pass there through into the cham 
212. 

Within the chamber 212 is a flat, circular susceptor 220 for supporting a wafer. The susceptor 220 e) 
transversely across the chamber 212 at the side wall 218 to divide the chamber 212 into an upper poi 
222 above the susceptor 220 and a lower portion 224 below the susceptor 220. The susceptor 220 is 
mounted on a shaft 226 which extends perpendicularly downwardly from the center of the bottom oi 
susceptor 220. The shaft 226 is connected to a motor (not shown) which rotates shaft 226 and thereb 
rotates the susceptor 220. An annular preheat ring 228 is connected at its outer periphery to the insid 
periphery of lower liner 284 and extends around the susceptor 220. The pre-heat ring 228 is in the sa 
plane as the susceptor 228 with the inner edge of the pre-heat ring 228 separated by a gap 229 from 1 
outer edge of the susceptor 220.An inlet manifold 230 is positioned in the side of chamber 212 and i 
adapted to admit gas into the chamber 212. An outlet port 232 is positioned in the side of chamber 2 
diagonally opposite the inlet manifold and is adapted to exhaust gases from the deposition chamber : 

A plurality of high intensity lamps 234 are mounted around the chamber 212 and direct their light th 
the upper and lower domes 214 and 216 onto the susceptor 220 to heat the susceptor 220. The upper 
lower domes 214 and 216 are made of a material which is transparent to the light from the lamps 23' 
as clear quartz. The upper and lower domes 214 and 216 are generally made of quartz because quart 
transparent to light of both visible and IR frequencies; it exhibits a relatively high structural strength 
is chemically stable in the process environment of the deposition chamber 212. Although lamps are 1 
preferred means for heating wafers in deposition chamber 220, other methods may be used such as 
resistance heaters and RF inductive heaters.An infrared temperature sensor 236 such as a pyrometer 
mounted below the lower dome 216 and faces the bottom surface of the susceptor 220 through the 1c 
dome 216. The temperature sensor 236, is used to monitor the temperature of the susceptor 220 by 
receiving infra-red radiation emitted from the susceptor 220 when the susceptor 220 is heated. A 
temperature sensor 237 for measuring the temperature of a wafer may also be induded if desired. 

An upper clamping ring 248 extends around the periphery of the outer surface of the upper domes 2 \ 
lower clamping ring 250 extends around the periphery of the outer surface of the lower dome 216. T 
upper and lower clamping rings are secured together so as to damp the upper and lower domes 214 z 
216 to the side wall 218. 

Reactor 210 includes a deposition gas inlet manifold 230 for feeding deposition gas into chamber 21 
deposition. Gas inlet manifold 230 includes a baffle 274, an insert plate 279 positioned within sidew 
218, and a passage 260 formed between upper liner 282 and lower liner 284. Passage 260 is connect 
the upper portion 222 of chamber 212. Deposition gas such as a silicon source gas, a dopant source \ 
a carrier gas are fed from gas cap 238 through baffle 274, insert plate 279 and passage 260 and into 1 
upper portion 222 of chamber 212. 

Reactor 210 also includes an independent inert gas inlet 262 for feeding an inert purge gas, such as t 
limited to, Hydrogen (H2) or Nitrogen (N2), into the lower portion 224 of deposition chamber 212. j 
shown in Figure 2, inert purge gas inlet 262 can be integrated into gas inlet manifold 230, if desired, 
long as a physically separate and distinct passage 262 through baffel 274, insert plate 279, and lowei 
284 is provided for the inert gas, so that the inert purge gas can be controlled and directed independe 
the deposition gas. Inert purge gas inlet 262 need not necessarily be integrated or positioned along w 
deposition gas inlet manifold 230, and can for example be positioned on reactor 210 at an angle of 9 
from deposition gas inlet manifold 230. 

A side cross-sectional view of an embodiment of the gas outlet 232 of the single wafer reactor of the 
present invention is shown in Figure 3. The gas outlet 232 includes an exhaust passage 300 which e> 
from the upper chamber portion 222 to the outside diameter of sidewall 218. Exhaust passage 300 in 
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an upper passage 302 formed between upper liner 282 and lower liner 284 and which extends betwe< 
upper chamber portion 222 and the inner diameter of side wall 218. Additionally, exhaust passage 30 
includes an exhaust channel 304 formed within insert plate 278 positioned within sidewall 218. A vz 
source, such as a pump (not shown) for creating low or reduced pressure in deposition chamber 212 
coupled to exhaust channel 304 on the exterior of sidewall 218 by an outlet pipe 233. Thus, depositio 
fed into the upper chamber portion 222 is exhausted through the upper passage 302, through exhausl 
channel 304 and into outlet pipe 233. 

The single wafer reactor shown in Figure 2 is a "cold wall" reactor. That is, sidewall 218 and upper t 
lower liners 282 and 284, respectively, are at a substantially lower temperature than susceptor 220 (t 
wafer placed thereon) during processing. For example, in a process to deposit an epitaxial silicon fill 
wafer, the susceptor and wafer are heated to a temperature of between 900-1200 DEG C while the si 
(and liners) are at a temperature of about 400-600 DEG C. The sidewall and liners are at a cooler 
temperature because they do not receive direct irradiation from lamps 234 due to reflectors 235, and 
because cooling fluid is circulated through sidewall 218. 

Gas outlet 232 also includes a vent 306 which extends from the lower chamber portion 224 through \ 
liner 284 to exhaust passage 300. Vent 306 preferably intersects the upper passage 302 of exhaust pa 
300 as shown in Figure 3. Inert purge gas is exhausted from the lower chamber portion 224 through 
306, through a portion of upper chamber passage 302, through exhaust channel 304, and into outlet j 
232. Vent 306 allows for the direct exhausting of purge gas from the lower chamber portion to exhai 
passage 300. 

According to one embodiment of the present invention, deposition gas or gases 400 are fed into the i 
chamber portion 222 from gas inlet manifold 230. A deposition gas, according to the present invent! 
defined as gas or gas mixture which acts to deposit a film on a wafer or a substrate placed in chambe 
In the preferred method of the present invention deposition gas is used to deposit a silicon epitaxial 1 
on a wafer placed on susceptor 220. Deposition gas 400 generally includes a silicon source, such as 1 
limited to, monosilane, trichloralsilane, dichloralsilane, and tetrachlorolsilane, and a dopant gas sour 
such as but not limited to phosphene, diborane and arsine. A carrier gas, such as H2, is generally inc 
in the deposition gas stream.For an approximately 5 liter deposition chamber, a deposition gas strear 
between 35-75 SLM (including carrier gas) is typically fed into the upper chamber portion 222 to de 
layer of silicon on a wafer. The flow of deposition gas 400 is essentially a laminar flow from inlet p* 
260, across preheat ring 228, across susceptor 220 (and wafer), across the opposite side of preheat ri 
228, and out exhaust passage 300. The deposition gas is heated to a deposition or process temperatui 
preheat ring 228 susceptor 220, and the wafer being processed. In a process to deposit an epitaxial si 
layer on a wafer, the susceptor and preheat ring are heated to a temperature of between 800-1200 DE 

Additionally, while deposition gas is fed into the upper chamber portion, an inert purge gas or gases 
are fed independently into the lower chamber portion 224. An inert purge gas is defined as a gas whi 
substantially unreactive at process temperatures with chamber features and wafers placed in depositi 
chamber 212. The inert purge gas is heated by preheat ring 228 and susceptor 220 to essentially the \ 
temperature as the deposition gas while in chamber 212. Inert purge gas 402 is fed into the lower ch? 
portion 224 at a rate which develops a positive pressure within lower chamber portion 224 with resp 
the deposition gas pressure in the upper chamber portion 222. Film Deposition gas 400 is therefore 
prevented from seeping down through gap 229 and into the lower chamber portion 224, and depositi 
the back side of susceptor 220. 

Additionally, inert purge gas 402 is fed into the lower chamber portion 224 at a rate which provides 
sufficient flow of inert purge gas 402b through vent 306 and into exhaust passage 300 to prevent 
deposition gas from condensing in exhaust channel 304 of exhaust passage 300 and forming deposit: 
therein. That is, a sufficient amount of heated purge gas is fed into exhaust channel 304 to heat exha 
channel 304, and thereby prevent the cooling of deposition gas 400 in exhaust channel 304 and the 
resulting formation of deposits therein. It is to be appreciated that without the high flow rate of heate 
purge gas 402b into the exhaust channel 304, the exhaust channel 304 would be substantially cooler 
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susceptor 220 due to the water cooling of sidewall 218 5 and deposits would form therein.Thus, accoi 
to the present invention, a high flow rate 402b, preferably between 2-24 SLM, of inert purge gas is f 
the lower portion 224 of chamber 212, in order to prevent deposition gas from seeping down througl 
229 and to prevent deposition gas from condensing in the exhaust channel 304. 

Figures 5a and 5b show frontal cross-sectional views of two of many possible configurations for ven 
For example, as shown in Figure 5a, vent 306 can be located directly beneath upper passage 302 and 
consist of a single cross-sectional opening formed in the inner curved surface of lower liner 284. Th< 
cross-sectional opening into chamber 222 is preferably at least as long as the diameter of the process 
area on susceptor 220. In another embodiment, as shown in Figure 5b, vent 306 can consist of a plur 
of discreet holes or passages 502 formed in the inner curved surface of lower liner 284 and which ar< 
coupled to exhaust passage 300. The shape of vent 306 should be such that it provides little affect or 
laminar flow of deposition gas 400 in the upper portion 222 of chamber 212. 

The relative flow rates 402a and 402b through gap 229 and vent 306, respectively, are governed by t 
ratio of the cross-sectional area of gap 229 and the cross-sectional area of vent 306. In the preferred 
embodiment of the present invention as shown in Figure 4, where the preheat ring and susceptor are 
coplanar, the cross-sectional area of gap 229 is the area defined by the enclosed area of preheat ring 
minus the area of susceptor 220 (i.e., pi R2 JP- pi R2_S ). If susceptor 220 and preheat ring 228 are 
interleavened then the relevant cross-sectional area is the smallest surface area which exists between 
preheat ring 228 and susceptor 220. The cross-sectional area of vent 306 is defined as the total surfa< 
of vent 306 which opens into lower chamber portion 224.1n the case of a plurality of discreet passag 
shown in figure 5b, the relevant cross-section area is the sum of the areas of each opening 502. 

According to the present invention, the cross-sectional area of vent 229 is maximized so as to exhau: 
much of the purge gas flow as possible through vent 306. In this way a sufficient amount of heated i 
purge gas is provided to prevent deposition gas from condensing in the exhaust passage. The cross- 
sectional area of vent 306 is dictated by two requirements. First, the cross-sectional area of vent 306 
be so large so as to affect the mechanical strength and integrity of lower liner 284. Additionally, the 
of cross-sectional area of gap 229 and vent 306 must be balanced so that the inert purge gas flow 40- 
through gap 229 is sufficient to prevent the diffusion of deposition gases from the upper chamber po 
222 into the lower chamber portion 224.A gap 229 to vent 306 cross- sectional area ratio of approxin 
3:1 has been found to provide good results for a deposition gas flow of between 45-70 slm and a pur 
flow of greater than 12 slm in a five liter chamber. 

An apparatus and method for preventing condensation of deposition gas in an exhaust passage of a 
deposition apparatus has been described. It is to be appreciated and understood that the specific 
embodiments of the invention described herein are merely illustrative of the general principles of the 
invention. Various modifications may be made consistent with the principles set forth. For example, 
although the present invention has been described with respect to a single substrate reactor for depos 
silicon film on a semiconductor wafer, the present invention is equally applicable for use in other 
machinery such as multi-wafer chambers, and for other substrates, such as substrates for flat panel 
displays, and for other films such as metals. As such, the scope of the present invention is to be mea: 
by the appended claims which follow. 



Data supplied from the esp@cenet database - Worldwide 
Claims of corresponding document : EP0870852 



1 . A method of depositing a form in a semiconductor reactor, said method comprising to steps of: 

flowing a deposition gas into a reaction chamber; 

exhausting said deposition gas through an exhaust passage; and 
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flowing a heated inert purge gas into said exhaust passage at a rate so as to prevent said deposition g 
from condensing in said exhaust passage. 

2. A method of depositing a film on a wafer in a single wafer reactor, said method comprising the ste 

placing a wafer on a susceptor which divides a deposition chamber having a sidewall into an upper 
chamber portion and a lower chamber portion; 

flowing a deposition gas into said upper chamber portion, across said wafer, and out through an exh* 
passage extending from said upper chamber through said sidewall; 

flowing a purge gas into said lower chamber portion and out through a lower passage extending fron 
lower chamber portion to said exhaust passage; 
heating said purge gas while in said chamber; and 

flowing said purge gas through said lower passage at a rate that prevents said deposition gas from 
condensing in said exhaust passage. 

3. A method of depositing a film on a wafer in a single substrate reactor, said method comprising the 
of; 

placing a wafer on a susceptor positioned within a deposition chamber having a sidewall, said suscej 
dividing said deposition chamber into an upper portion which is above said wafer, and a lower porti< 
which is below said wafer; 

flowing a deposition gas into said upper portion of said deposition chamber; 

exhausting said deposition gas through an exhaust passage extending from said upper portion of saic 
deposition chamber through said sidewall; 

flowing a purge gas into said lower portion of said deposition chamber wherein said flow of purge g 
substantially prevents said deposition gas from flowing into said lower portion of said deposition ch; 
through a gap between said susceptor plate and a preheat member which surrounds said susceptor pi 
and 

exhausting said purge gas through a lower passage extending from said lower chamber to said exhau 
passage wherein said heated purge gas prevents said deposition gas in said exhaust passage from 
condensing. 

4. A deposition apparatus for depositing a layer of material on a wafer, said apparatus comprising: 
a deposition chamber having a side wall; 

a susceptor plate in a first plane within said deposition chamber, said susceptor plate extending acros 
deposition chamber to divide said deposition chamber into an upper portion which is above the top s 
of the susceptor plate on which a wafer is supported, and a lower portion which is below the back su 
of the susceptor plate; 

a preheat ring in said first plane and surrounding said susceptor plate, said preheat ring separated fro 
susceptor plate by a gap having a first cross-sectional area; 

a vent extending from said lower portion of said deposition chamber liner to said exhaust passage, s* 
vent having a second cross-sectional area; and 

an exhaust passage extending from said upper portion of said deposition chamber through said sidev 
wherein said second cross-sectional area and said first cross-sectional have a relative relationship wl 
allows heated purge gas in the lower chamber to prevent deposition gas in the upper portion of the c! 
from flowing through said gap and to provide a sufficient amount of heated gas into said exhaust pas 
so that deposition gas in said exhaust passage does not condense therein. 

5. The apparatus of claim 4 wherein said vent comprises a single elongated opening position directly 
the opening of said exhaust passage. 
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6. The apparatus of claim 4 wherein said vent comprises a plurality of discreet openings. 

7. The apparatus of claim 4 wherein said first cross-sectional area and said second cross-sectional ar« 
have a ratio of approximately 3:1. 

8. The method of claim 4 wherein said purge gas is heated by a plurality of lamps. 

9. The apparatus of claim 4 further comprising an upper dome, a lower dome, and wherein said side i 
situated between said upper dome and said lower dome. 

10. The deposition apparatus of claim 4 further comprising: 

a gas inlet manifold in the wall of the chamber, said gas inlet manifold having at least one passage o 
to direct a gas into said lower portion of said deposition chamber and at least one passage opening tc 
gas into said upper portion of said deposition chamber. 

11. The deposition apparatus of claim 8 further comprising: 

a gas inlet manifold in the wall of the chamber, said gas inlet manifold having at least one passage o 
to direct a gas into said lower portion of said deposition chamber and at least one passage opening tc 
gas into said upper portion of said deposition chamber. 

12. A deposition apparatus for depositing a layer of material on a wafer, said apparatus comprising: 
a deposition chamber having a side wall; 

a susceptor plate in a first plane within said deposition chamber, said susceptor plate extending acroj 
deposition chamber to divide said deposition chamber into an upper portion which is above the top s 
of the susceptor plate on which a wafer is supported, and a lower portion which is below the back su 
of the susceptor plate; 

a preheat ring in said first plane and surrounding said susceptor plate, said preheat ring separated fro 
susceptor plate by a gap having a first cross-sectional area; 

an upper liner seated against the inner surface of said side wall in said upper portion of said depositi* 
chamber; 

a lower liner seated against the inner surface of said side wall in said lower portion of said depositioi 
chamber; 

a vent extending from said lower portion of said deposition chamber through said lower liner to said 
exhaust passage, said vent having a second cross-sectional area; and 

an exhaust passage located between said upper liner and said lower liner and extending from said up 
portion of said deposition chamber through said sidewall; 

wherein said second cross-sectional area and said first cross-sectional have a relative relationship wl 
allows heated purge gas in the lower chamber to prevent deposition gas in the upper portion of the cl 
from flowing through said gap and to provide a sufficient amount of heated gas into said exhaust pas 
so that deposition gas in said exhaust passage does not condense therein. 

Data supplied from the esp@cenet database - Worldwide 
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1. Title of Invention 



VENTED LOWER LINER FOR HEATING EXHAUST GAS IN 
A SINGLE SUBSTRATE REACTOR 
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2. Claims 
UN THE CLAIMS 

We claim: 

1. A method of depositing a form in a semiconductor reactor, said 

method comprising to steps of: 

flowing a deposition gas into a reaction chamber; 

exhausting said deposition gas through an exhaust passage; and 

flowing a heated inert purge gas into said exhaust passage at a rate 

so as to prevent said deposition gas from condensing in said exhaust passage. 

Z A method of depositing a film on a wafer in a single wafer reactor, 
said method comprising the steps of; 

placing a wafer on a susceptor which divides a deposition chamber 
having a sidewall into an upper chamber portion and a lower chamber 
portion; 

flowing a deposition gas into said upper chamber portion, across 
said wafer, and out through an exhaust passage extending from said upper 
chamber through said sidewall; 

flowing a purge gas into said lower chamber portion and out 
through a lower passage extending from said lower chamber portion to said 
exhaust passage; 

heating said purge gas while in said chamber; and 

flowing said purge gas through said lower passage at a rate that 
prevents said deposition gas from condensing in said exhaust passage. 



(11) «fi¥l 1-4 586 
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3. A method of depositing a film on a wafer in a single substrate 
reactor, said method comprising the steps of; 

placing a wafer on a susceptor positioned within a deposition 
chamber having a sidewall, said susceptor dividing said deposition chamber 
into an upper portion which is above said wafer, and a lower portion which is 
below said wafer; 

flowing a deposition gas into said upper portion of said deposition 

chamber; 

exhausting said deposition gas through an exhaust passage 
extending from said upper portion of said deposition chamber through said 
sidewall; 

flowing a purge gas into said lower portion of said deposition 
chamber wherein said flow of purge gas substantially prevents said deposition 
gas from flawing into said lower portion of said deposition chamber through 
a gap between said susceptor plate and a preheat member which surrounds 
said susceptor plate; and 

exhausting said purge gas through a lower passage extending from 
said lower chamber to said exhaust passage wherein said heated purge gas 
prevents said deposition gas in said exhaust passage from condensing. 

4. A deposition apparatus for depositing a layer of material on a wafer, 
said apparatus comprising: 

a deposition chamber having a side wall; 

a susceptor plate in a first plane within said deposition chamber, 
said susceptor plate extending across said deposition chamber to divide said 
deposition chamber into an upper portion which is above the top surface of 
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the susceptor plate on which a wafer is supported, and a lower portion which 
is below the back surface of the susceptor plate; 

a preheat ring in said first plane and surrounding said susceptor 
plate, said preheat ring separated from said susceptor plate by a gap having a 
first cross-sectional area; 

a vent extending from said lower portion of said deposition 
chamber Jiner to said exhaust passage, said vent having a second cross- 
sectional area; and 

an exhaust passage extending from said upper portion of said 
deposition chamber through said sidewall; 

wherein said second cross-sectional area and said first cross- 
sectional have a relative relationship which allows heated purge gas in the 
lower chamber to prevent deposition gas in the upper portion of the chamber 
from flowing through said gap and to provide a sufficient amount of heated 
gas into said exhaust passage so that deposition gas in said exhaust passage 
does not condense therein. 

5. The apparatus of claim 4 wherein said vent comprises a single 
elongated opening position directly below the opening of said exhaust 
passage. 

6. The apparatus of claim 4 wherein said vent comprises a plurality of 
discreet openings. 

7. The apparatus of claim 4 wherein said first cross-sectional area and 
said second cross-sectional area have a ratio of approximately 3:1. 



(13) ErHPPl 1-45861 



M#-*§- : P 9 8 AM— 0 5 6 (5/20) 

8. The method of claim 4 wherein said purge gas is heated by a 
plurality of lamps- 

9. The apparatus of claim 4 further comprising an upper dome, a 
lower dome, and wherein said side wall is situated between said upper dome 
and said lower dome. 

10. The deposition apparatus of claim 4 further comprising: 

a gas inlet manifold in the wall of the chamber, said gas inlet 
manifold having at least one passage opening to direct a gas into said lower 
portion of said deposition chamber and at least one passage opening to direct 
gas into said upper portion of said deposition chamber. 

11. The deposition apparatus of claim 8 further comprising: 

a gas inlet manifold in the wall of the chamber, said gas inlet 
manifold having at least one passage opening to direct a gas into said lower 
portion of said deposition chamber and at least one passage opening to direct 
gas into said upper portion of said deposition chamber. 

12. A deposition apparatus for depositing a layer of material on a 
wafer, said apparatus comprising: 

a deposition chamber having a side wall; 

a susceptor plate in a first plane within said deposition chamber, 
said susceptor plate extending across said deposition chamber to divide said 
deposition chamber into an upper portion which is above the top surface of 
the susceptor plate on which a wafer is supported, and a lower portion which 
is below the back surface of the susceptor plate; 
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a preheat ring in said first plane and surrounding said susceptor 
plate, said preheat ring separated from said susceptor plate by a gap having a 
first cross-sectional area; 

an upper liner seated against the inner surface of said side wall in 
said upper portion of said deposition chamber; 

a lower liner seated against the inner surface of said side wall in said 
lower portion of said deposition chamber; 

a vent extending from said lower portion of said deposition 
chamber through said lower liner to said exhaust passage, said vent having a 
second cross-sectional area; and 

an exhaust passage located between said upper liner and said lower 
liner and extending from said upper portion of said deposition chamber 
through said sidewall; 

wherein said second cross-sectional area and said first cross- 
sectional have a relative relationship which allows heated purge gas in the 
lower chamber to prevent deposition gas in the upper portion of the chamber 
from flowing through said gap and to provide a sufficient amount of heated 
gas into said exhaust passage so that deposition gas in said exhaust passage 
does not condense therein. 
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3. Detailed Description of Invention 



BACKGROUND OP TRF TX TVETvITTOM 

1) FIELD OF TOE TNVKlvmnM 

The present invention relates to semiconductor processing equipment 
more particularly, to a method and apparatus for reducing particle 
contamination in a semiconductor processing apparatus. 

2) DISCUSSION OF RKLATKD ART 

One type of processing apparatus for semiconductor wafers is a single 
wafer processor in which one wafer at a time is processed in a processing 
chamber. An example of a single wafer reactor is shown in Figure 1. A 
susceptor 120 divides a chamber 112 into one portion which is below ihe 
susceptor (the lower portion) 124, and a second portion which is above the 
susceptor (the upper portion) 122. The susoeptor 120 is generally mounted on 
a shaft 126 which rotates the susceptor about its center to achieve a more 
uniform processing of the wafer. A flow of a processing gas, such as a 
deposition gas 1 15, is provided in the upper portion 122 of the chamber. The 
chamber generally has a gas irtfet passage 178 at one side thereof, and a gas 
exhaust passage 116 at an opposite side to achieve a flow of the processing gas 
across the wafer. The susceptor 120 is heated in order to heat the wafer to a 
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desired processing temperature. One method used to heat the susceptor is by 
the use of lamps 134 provided af ound the chamber and directing their light 
into the chamber and onto the susceptor 120. In order to control the 
temperature to which the wafer is being heated, the temperature of the 
susceptor is constantly measured. This is often achieved by means of an 
infrared temperature sensor 136 which detects the infra-red radiation emitted 
from the heated susceptor. 

A problem with this type of processing apparatus is that some of the 
processing gas, which is often a gas or mixture of gases for depositing a layer 
of a material on the surface of the wafer, tends to flow around the edge of the 
susceptor and deposits a layer of the material on the back surface of the 
susceptor. Since the deposited material is generally different from the 
material of the susceptor, the deposited layer has an emissivity which is 
different from that of the emissivity of the susceptor. Thus, once the layer of 
the material is deposited on the back surface of the susceptor, the infrared 
temperature sensor detects a change caused by the change in the emissivity of 
the surface from which the infra-red radiation is emitted. This change 
indicates a change in temperature of the susceptor which actually does not 
exist. 

One technique which has been used to prevent the problem of deposits 
on the back surface of the susceptor is to provide a flow of an inert gas 121, 
such as hydrogen, into the lower portion of the chamber at a pressure slightly 
greater than that of the deposition gas in the upper portion of the chamber. 
One apparatus for achieving this is described in the application for U.S. Patent 
of Roger N. Anderson et aL, Serial No. 08/099/977, filed July 30, 1993, entitled 
"Gas Inlets For Wafer Processing Chamber". Since the inert gas in the lower 
portion of the chamber is at a higher pressure, it will flow around the edge of 
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the susceptor from the lower portion of the chamber and into the upper 
portion of the chamber. This flow of the inert gas prevents the flow of the 
deposition gas 115 into the lower portion of the chamber. Unfortunately, 
however, as the purge gas flows from the lower portion of the chamber to the 
upper portion of the chamber in order to exit through the exhaust passage 116 
located in the upper portion 122 of chamber 122, it carries metal cmtanunaxits 
from the. lower portion of the chamber into the upper portion, resulting in 
contamination of wafers being processed. 

Another problem associated with the processing apparatus of Figure 1 
is that as deposition gas 115 exits the chamber through exhaust passage 116, 
the deposition gas cools and condenses to form deposits 114 within the 
exhaust passage 116. Deposition gas cools because the apparatus of Figure 1 is 
a "cold wall reactor". That is, the sidewall of the deposition chamber is at a 
substantially lower temperature than is susceptor 120 (and wafer) during 
processing because the sidewall is not directly irradiated by lamp 134 due to 
reflectors 135 and because cooling fluid is circulated through the sidewall. 
Since the sidewall and the exhaust outlet passage are at a lower temperature, 
the deposition gas heated by susceptor 120 cools while in the passage and 
forms deposits 114 therein. These deposits 114 can find their way back into 
chamber 112 and onto the wafer being processed. Deposits 114 can 
detrimentally affect film quality and uniformity which can result in a 
substantial decrease in device yield. 



Thus, what is desired is a method and apparatus which can reduce the 
formation of deposits in the exhaust passage and which can reduce metal 
contamination from the lower portion of the chamber. 
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SUMMARY QF THE INVENTION 

The present invention is a single wafer reactor having a vented lower 
liner for heating exhaust gas. The apparatus of the present invention 
includes a reaction chamber* A wafer support member which divides the 
chamber into an upper and lower portion is positioned within the chamber. 
An exhaust channel is formed in the sidewall of the reaction chamber to 
exhaust gas from within the chamber. Deposition gas is exhausted through 
an exhaust passage located between the upper portion of the chamber and the 
exterior sidewall of the deposition chamber, A high flow rate of heated purge 
gas is exhausted from the lower portion of the chamber through a vent 
located between the lower portion of the chamber and the exhaust passage. 
The high flow rate of heated purge gas into the exhaust passage prevents the 
exhausted deposition gas from condensing in the exhaust passage and 
forming deposits therein. 
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DETAILED DESCRIPTION OF THE PRESENT INDENTION 

The present invention describes a method and apparatus for 
preventing the condensation of deposition gas in the exhaust passage of a 
single wafer processing reactor. In the following description numerous 
specific details are set forth such as specific heating elements/ gases, etc., in 
order to provide a thorough understanding of the invention. In other 
instances, well known reactor features and processes have not been explained 
in detail in order to not unnecessarily obscure the present invention. 

The present invention is a single wafer reactor. A susceptor for 
holding a wafer to be processed is positioned within a deposition chamber 
and divides the chamber into an upper portion and a lower portion. 
Deposition gas which feeds into the upper portion of the chamber and across 
the wafer is exhausted through an exhaust passage which extends from the 
upper portion of the chamber and out through a sidewall in the deposition 
chamber. An inert gas, such as H2, is fed into the lower portion of the 
chamber and is exhausted through a vent formed between the lower portion 
of the chamber and the exhaust passage. A high inert purge gas flow rate 
provides a large amount of heated gas into the exhaust passage which 
prevents the deposition gases from condensing and forming deposits therein. 
Additionally, by exhausting the purge gas directly from the lower portion of 
the chamber, metal contamination from the lower portion of the chamber is 
reduced. 

A semiconductor wafer processing apparatus 210 in accordance with 
the present invention is shown on Figure 2. The processing apparatus 210 
shown is a deposition reactor and comprises a deposition chamber 212 having 
an upper dome 214, a lower dome 216 and a side wall 218 between the upper 
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and lower domes 214 and 216. Cooling fluid (not shown) is circulated 
through sidewall 218 in order to cool V rings used to attach domes 214 and 
216 to sidewall 218- An upper liner 282 and a lower liner 284 are mounted 
against the inside surface of sidewall 218. The upper and lower domes 214 
and 216 are made of a transparent material to allow hearing light to pass there 
through into the chamber 212. 

Within the chamber 212 is a flat, circular susceptoi 220 for supporting a 
wafer. The susceptor 220 extends transversely across the chamber 212 at the 
side wall 218 to divide the chamber 212 into an upper portion 222 above the 
susceptor 220 and a lower portion 224 below the susceptor 220- The susceptor 
220 is mounted on a shaft 226 which extends perpendicularly downwardly 
from the center of the bottom of the susceptor 220. The shaft 226 is connected 
to a motor (not shown) which rotates shaft 226 and thereby rotates die 
susceptor 220. An annular preheat ring 228 is connected at its outer periphery 
to the inside periphery of lower liner 284 and extends around the susceptor 
220. The pre-heat ring 228 is in the same plane as the susceptor 228 with the 
inner edge of the pre-heat ring 228 separated by a gap 229 from the outer edge 
of the susceptor 220. An inlet manifold 230 is positioned in the side of 
chamber 212 and is adapted to admit gas into the chamber 212. An outlet port 
232 is positioned in the side of chamber 212 diagonally opposite the inlet 
manifold and is adapted to exhaust gases from the deposition chamber 212. 

A plurality of high intensity lamps 234 axe mounted around the 
chamber 212 and direct their light through the upper and lower domes 214 
and 216 onto the susceptor 220 to heat the susceptor 220. The upper and lower 
domes 214 and 216 are made of a material which is transparent to the light 
from the lamps 234, such as dear quartz. The upper and lower domes 214 and 
216 are generally made of quartz because quartz is transparent to light of both 
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visible and JR frequencies; it exhibits a relatively high structural strength; and 
it is chemically stable in the process environment of the deposition chamber 
212. Although lamps are the preferred means for heating wafers in 
deposition chamber 220; other methods may be used such as resistance 
heaters and RF inductive heaters. An infrared temperature sensor 236 such 
as a pyrometer is mounted below the lower dome 216 and faces the bottom 
surface of the susceptor 220 through the lower dome 216. The temperature 
sensor 236, is used to monitor the temperature of the susceptor 220 by 
receiving infra-red radiation emitted from the susceptor 220 when the 
susceptor 220 is heated. A temperature sensor 237 for measuring the 
temperature of a wafer may also be included if desired. 

An upper clamping ring 248 extends around the periphery of the outer 
surface of the upper domes 214. A lower clamping ring 250 extends around 
the periphery of the outer surface of the lower dome 216. The upper and 
lower clamping rings are secured together so as to clamp the upper and lower 
domes 214 and 216 to the side wall 218. 

Reactor 210 includes a deposition gas inlet manifold 230 for feeding 
deposition gas into chamber 212 deposition. Gas inlet manifold 230 includes a 
baffle 274, an insert plate 279 positioned within sidewall 218, and a passage 260 
formed between upper liner 282 and lower liner 284. Passage 260 is connected 
to the upper portion 222 of chamber 212. Deposition gas such as a silicon 
source gas, a dopant source gas and a carrier gas are fed from gas cap 238 
through baffle 274, insert plate 279 and passage 260 and into the upper portion 
222 of chamber 212. 

Reactor 210 also includes an independent inert gas inlet 262 for feeding 
an inert purge gas, such as but not limited to, Hydrogen (H2) or Nitrogen 
(N2), into the lower portion 224 of deposition chamber 212. As shown in 
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Figure 2, inert purge gas inlet 262 can be integrated into gas inlet manifold 
230, if desired, as long as a physically separate and distinct passage 262 through 
baffel 274, insert plate 279, and lower liner 284 is provided for the inert gas, so 
that the inert purge gas can be controlled and directed independent of the 
deposition gas. Inert purge gas inlet 262 need not necessarily be integrated or 
positioned along with deposition gas inlet manifold 230, and can for example 
be positioned on reactor 210 at an angle of 90° from deposition gas inlet 
manifold 230. 

A side cross-sectional view of an embodiment of the gas outlet 232 of 
the single wafer reactor of the present invention is shown in Figure 3. The 
gas outlet 232 includes an exhaust passage 300 which extends from the upper 
chamber portion 222 to the outside diameter of sidewall 218- Exhaust 
passage 300 includes an upper passage 302 formed between upper liner 282 
and lower liner 284 and which extends between the upper chamber portion 
222 and the inner diameter of sidewall 218. Additionally, exhaust passage 300 
includes an exhaust channel 304 formed within insert plate 278 positioned 
within sidewall 218, A vacuum source, such as a pump (not shown) for 
creating low or reduced pressure in deposition chamber 212 is coupled to 
exhaust channel 304 on the exterior of sidewall 218 by an outlet pipe 233. 
Thus, deposition gas fed into the upper chamber portion 222 is exhausted 
through the upper passage 302, through exhaust channel 304 and into outlet 
pipe 233. 

The single wafer reactor shown in Figure 2 is a "cold wall" reactor. 
That is, sidewall 218 and upper and lower liners 282 and 284, respectively, are 
at a substantially fewer temperature than susceptor 220 (and a wafer placed 
thereon) during processing. For example, in a process to deposit an epitaxial 
silicon film on a wafer, the susceptor and wafer are heated to a temperature of 
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between 90O-1200°C while the sidewall (and liners) are at a temperature of 
about 400-600*C. The sidewall and liners are at a cooler temperature because 
they do not receive direct irradiation from lamps 234 due to reflectors 235, and 
because cooling fluid is circulated through sidewall 218. 

Gas outlet 232 also includes a vent 306 which extends from the lower 
chamber portion 224 through lower liner 284 to exhaust passage 300, Vent 306 
preferably intersects the upper passage 302 of exhaust passage 300 as shown in 
Figure 3. Inert purge gas is exhausted from the lower chamber portion 224 
through vent 306, through a portion of upper chamber passage 302, through 
exhaust channel 304, and into outlet pipe 232. Vent 306 allows for the direct 
exhausting of purge gas from the lower chamber portion to exhaust passage 
300. 

According to the present invention, deposition gas or gases 400 are fed 
into the upper chamber portion 222 from gas inlet manifold 230. A 
deposition gas, according to the present invention; is defined as gas or gas 
mixture which acts to deposit a film on a wafer or a substrate placed in 
chamber 212. In the preferred method of the present invention deposition 
gas is used to deposit a silicon epitaxial layer on a wafer placed on stisceptor 
220. Deposition gas 400 generally includes a silicon source, such as but not 
limited to, monosilane, trichloralsilane, dichloralsilane, and 
tetrachlorolsilane, and a dopant gas source/ such as but not limited to 
phosphene, diborane and arsine. A carrier gas, such as is generally 
included in the deposition gas stream. For an approximately 5 liter 
deposition chamber, a deposition gas stream between 35-75 SLM (including 
carrier gas) is typically fed into the upper chamber portion 222 to deposit a 
layer of silicon on a wafer. The flow of deposition gas 400 is essentially a 
laminar flow from inlet passage 260, across preheat ring 228, across susceptor 
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220 (and wafer), across the opposite side of preheat ring 228, and out exhaust 
passage 300. The deposition gas is heated to a deposition or process 
temperature by preheat ring 228 susceptor 220, and the wafer being processed. 
In a process to deposit an epitaxial silicon layer on a wafer, the susceptor and 
preheat ring are heated to a temperature of between 80Q-1200"C 

Additionally, while deposition gas is fed into the upper chamber 
portion, an inert purge gas or gases 402 are fed independently into the lower 
chamber portion 224- An inert purge gas is defined as a gas which is 
substantially unreactive at process temperatures with chamber features and 
wafers placed in deposition chamber 212* The inert purge gas is heated by 
preheat ring 228 and susceptor 220 to essentially the same temperature as the 
deposition gas while in chamber 212. Inert purge gas 402 is fed into the lower 
chamber portion 224 at a rate which develops a positive pressure within 
lower chamber portion 224 with respect to the deposition gas pressure in the 
upper chamber portion 222. Palm Deposition gas 400 is therefore prevented 
from seeping down through gap 229 and into the lower chamber portion 224, 
and depositing on the back side of susceptor 220* 

Additionally, inert purge gas 402 is fed into the lower chamber portion 
224 at a rate which provides a sufficient flow of inert purge gas 402b through 
vent 306 and into exhaust passage 300 to prevent deposition gas from 
condensing in exhaust channel 304 of exhaust passage 300 and forming 
deposits therein. That is, a sufficient amount of heated purge gas is fed into 
exhaust channel 304 to heat exhaust channel 304, and thereby prevent (he 
cooling of deposition gas 400 in exhaust channel 304 and the resulting 
formation of deposits therein. It is to be appreciated that without the high 
flow rate of heated purge gas 402b into the exhaust channel 304, the exhaust 
channel 304 would be substantially cooler than susceptor 220 due to the water 
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cooling of sidewaU 218, and deposits would form therein. Thus, according to 
the present invention, a high flow rate 402b, preferably between 2-24 SLM, of 
inert purge gas is fed into the lower portion 224 of chamber 212, in order to 
prevent deposition gas from seeping down through gap 229 and to prevent 
deposition gas from condensing in the exhaust channel 304 

Figures 5a and 5b show frontal cross-sectional views of two of many 
possible configurations for vent 306. For example, as shown in Figure 5a r 
vent 306 can be located directly beneath upper passage 302 and consist of a 
single cross-sectional opening formed in the inner curved surface of lower 
liner 284. The cross-sectional opening into chamber 222 is preferably at least 
as long as the diameter of the processing area on susceptor 220. In another 
embodiment, as shown in Figure 5b, vent 306 can consist of a plurality of 
discreet holes or passages 502 formed in the inner curved surface of lower 
liner 284 and which are each coupled to exhaust passage 300. The shape of 
vent 306 should be such that it provides little affect on the laminar flow of 
deposition gas 400 in the upper portion 222 of chamber 212. 

The relative flow rates 402a and 402b through gap 229 and vent 306, 
respectively, are governed by the ratio of the cross-sectional area of gap 229 
and die cross-sectional area of vent 306. In the preferred embodiment of the 
present invention as shown in Figure 4, where the preheat ring and susceptor 
are coplanar, the cross-sectional area of gap 229 is the area defined by the 
enclosed area of preheat ring 228 minus the area of susceptor 220 (i.e, 
7rR p -7rR^ ). If susceptor 220 and preheat ring 228 are interleavened then the 

relevant cross-sectional area is the smallest surface area which exists between 
preheat ring 228 and susceptor 220. The cross-sectional area of vent 306 is 
defined as the total surface area of vent 306 which opens into lower chamber 
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portion 224. In the case of a plurality of discreet passages as shown in figure 
5b, the relevant cross-section area is the sum of the areas of each opening 502. 

According to the present invention, the cross-sectional area of vent 229 
is maximized so as to exhaust as much of the purge gas flow as possible 
through vent 306. In this way a sufficient amount of heated inert purge gas is 
provided to prevent deposition gas from condensing in the exhaust passage. 
The cross-sectional area of vent 306 is dictated by two requirements. First the 
cross-sectional area of vent 306 cannot be so large so as to affect the 
mechanical strength and integrity of lower liner 284. Additionally, the ratio 
of cross-sectional area of gap 229 and vent 306 must be balanced so that the 
inert purge gas flow 402a through gap 229 is sufficient to prevent the diffusion 
of deposition gases from the upper chamber portion 222 into the lower 
chamber portion 224. A gap 229 to vent 306 cross-sectional area ratio of 
approximately 3:1 has been found to provide good results for a deposition gas 
flow of between 45-70 slm and a purge gas flow of greater than 12 slm in a five 
liter chamber. 

An apparatus and method for preventing condensation of deposition 
gas in an exhaust passage of a deposition apparatus has been described. It is to 
be appreciated and understood that the specific embodiments of the 
invention described herein are merely illustrative of the general principles of 
the invention. Various modifications may be made consistent with the 
principles set forth. For example, although the present invention has been 
described with respect to a single substrate reactor for depositing a silicon film 
on a semiconductor wafer, the present invention is equally applicable for use 
in other machinery such as multi-wafer chambers, and for other substrates, 
such as substrates for flat panel displays, and for other films such as metals. 
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As such, the scope of the present invention is to be measured by the appended 
claims which follow. 



Thus, a novel method and apparatus for preventing the condensation 
an exhaust gas in an exhaust passage has been described. 
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4. Brief Description of Drawings 

Figure 1 is an illustration of a cross-sectional view of a single wafer 
reactor. 

Figure 2 is an illustration of a single wafer reactor of the present 
invention. 

Figure 3 is an illustration of an expanded cross section view of the gas 
exhaust outlet of the single wafer reactor of the present invention. 

Figure 4 is an illustration of an overhead view of the susceptor and 
preheat member of the single wafer reactor of the present invention. 

Figure 5a is an illustration of a frontal view of the vent and exhaust 
passage of an embodiment of the present invention. 

Figure 5b is an illustration of a frontal view of the vent and exhaust 
passage of another embodiment of the present invention. 
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1. Abstract 

ABSTRACT OF THE TNV5NTIQN 

The present invention is a single wafer reactor having a vented 
lower liner for heating exhaust gas. The apparatus of the present invention 
includes a reaction chamber. A wafer support member which divides the 
chamber into an upper and lower portion is positioned within the chamber. 
A gas outlet for exhausting gas from the chamber has a vent to exhaust gas 
• from the lower portion of the chamber and an exhaust passage opening to 
exhaust gas from the upper portion of the chamber* Heated inert purge gas is 
fed from the lower chamber portion through the vent at a rate so as to 
prevent the deposition gas from condensing in the exhaust passage. 



2. Representative Drawing 
Fig. Z 
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J: Vt-mzh&lMb , ^f-br^^KHi OT^tc* 
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WEB 1 <30TB±-CtuiB-f -fe TfWLZM 0 H^SS 1 com 

mmm^ y^wit^^x-mmm^m^zm t 
xm.m.^titz±my-a-t. 

mimm^ y^comiiT^x-mmmM^m^m l 

xmrn^ixtzT^y-fi-t. 

xmrnsmmtx-rnis. w,20M\m*^z>m%m 

mm^- * » ^itiiEJinPA 1 1> mmm* m -> x mx/fzm 
miist. 

mriES 2 orawfc Miem i commmt a*, yj<r? 
mn^M^tttzJ t- x fttgfteMda £ a -? t + > 
A±asft<oit«#x#WL4 - t zm±x'Z , * 

[000 1] 

[ooo2] 2)mmmnma 

x -> swwmmco-MMz . saaf-+ w w 

. tsafecu **>M*ei i t^-r. -^-trr? 1 

(T8R 1 2 4 i: . iHrT"* ± 0±filWM& 2«>»$K±*> 
1 2 2 k^SiJLTV^. ^-feT? 1 2 0i± s HRt % 

-^UMtii^7h i 2 ekJtwui-thtix^ 
h. mmtfxi 1 5^<7)saa*"xsS(±. f-+v^*±nci 

ffi(:*'XAD«17 8^tL. ifcRttfflfaOgiBfc:* 

&tzMzm^t>ti&jjW&>utnz^ i-^>^mmizm 
Lhtitzvyy\3A^mmLx^ *ti j-ry 

J<ftRW*.79 1 2 0±tCfitt&2ri£#£>.l,„ >>x- 
«koTigj£3*t4. 

[0003] zcomntmmmnfflmj&iz. — ucowm 
#x ( ztiii&Knm^^ *-^$mtztf®miimz 



■£&fzit><7)M.—rfxxizm&*fAX'$>h) a*, 
wtmfmGffiix . v-tyfco^izmmmztm-t 

hmm i fohz\tX'fo&. HRK««S*i4tt*Mt9-fe 
r*<0«fii:«»5roTlr JfflMtt. -f-trT? 

[0004] ■9--tr^SB / v<o*fi«<o^ss-R&ih-rs3t: 

XI 21WSSIS:. ^W^^fl^mWtfXOEftJ: 

h. ztizmfrt&tiitovm&ewtui, 1993^ 

7 ^3 OB^ZiUm^tl fz. Roger N. AndersonffiKC J; 4 

xmrntmrnmo 8/0 9 9/9 7 7-^aw, 

SSfltf. f-^^TFgp^cOlt^'Xl 1 5cOS&rt£BSik 
L*»LBfca:$SLi:fcr. ^f-^W-tyAi 2 
20±g|Sl 2 2tCESM-4»*31»l 1 6$r^-LTgr t aj 

h&4. 

[ 0 0 0 5 ] 0 1 «0«ffiSHBfc:|Sja-t4 1 o Ihtrxom 
mM.it. itS^Xl 1 5*f. SMiuIiftl 1 6^ltLT^- 

*U Sf^iSS 1 1 6 l*ia5^JtSPI?3 1 1 4 ZBfc?2>Zt 

t,z$>& . Jtwxr^i^aisnioaH 1 wns^ r^a 

(cold wal 1 reactor) j tifrhX'h h . -^Sr*) 
'J7l/7^135 <r>1z1ib1iZ®mifiy yT13AiZX 

ixw&wmzti-r. ±tzffl&*z<§ffl$immmLx 
^&tzMzw£*commi-^yj<<DmM.tfv-b7'? 1 2 

mmRx/m^mammm&^x-h^fzMz. y-*? 
9 1 2 otzz^xtmzixteimtfAim&wzh&fs 
t,z<%z_x. nmzsm^i i4«^. ^n^co 

*SH»1 1 4lift>Al 1 2P ( >ItM , 9. SflS^O^x 

[ 0 0 0 6 ] «ot. ^fmMgs ?mm%w>Bm.z ®« 

[0007] 

5v^*-T-?» (vented, f^h^tz) T*5-f^*#t4 
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» *- t i -5 t . j#aj zti& mmtfxnvm 

[00 08] 

tznbcr>^miki/mmi>z-o^x»^^ . ammwxn. 
«l mt\x<^<r>vT?9^mf&mtf7-u-bxi l z'o^ 

[0009] #*ftaj|ii8ai* 'J7?mS. 
IEB£ftT, f-r >^Z±BtTmzfr®LX^&. ^~ 

^>j<±mzm^tixviL-;^m$)&m.mrfxi±. f- 
-v y*±M&t>tatf- * >> si -3 TJWfKffitf 

[0010] *»^t:J: *#»ft'>x-.>N»fflHHt2 1 

o £@ 2 ic^-r . la^ojaa^a 210 wm vt?? 

X'foiX. ±g&K-A2 14i. TSBK-A2 16fc. 
±SPK-A2 14 tTSPH-A2 1 6k<0BkOffltt2 1 
8t^*-tS*flS[^^N'2 1 K-A 
2 1 4 £.1X2 1 6 2:ffllS2 1 8K3RWt4jfctf>fc:fflV** 
«I5tf) "O" 'jy/SJWff4BKir, ^fflc5E*(H* 
tf)i s Ii2 18«"f&ilU^5, _t»5>fi-2 
8 25.1^^9^-^2 8 4^\ TO^2 1 8 0|*Ig|J*ffitC 
SLTJROttft^il-Ovg,. 1»K-A2 1 4&lTF» 
K-A2 1 6 3K«4*ttj&»fcH8itS*I.T*J9» ftfflfe 
» 5 ftW<2 1 2 rt»t=a»T# 6 J: a fc&oTV* 

s. 

[00 1 1] 1 2rt*tHi, >>x-Ai33* 

-r&fcfr^mxnBW-ty? 2 2 o . ^<o*r 

*y?220\±. IB0S2 18tftW2 1 2£flc£«$ 



9±<^>±SB2 2 2i:. V"£7?2 2 0 <£ OTOTS^ 2 
4 ht^-SiJL-C^ ■>!><. -9-feT?2 2 0(2. -9-teT?2 2 
0<Ol£»+*3&»i5>aa"Rfrfc:Sy r fc^-ir7 b 2 2 6Jtte 
BX0ft(t^^T^5„ yA-7h226ll y+7h22 
6 5rHIK$-«-T-9--fe7-^2 2 0Srll]te$-y:4^-^(ll 

*\ ?HBSif^g|5TT^7'f^2 8 4^P 1 =HBi|^^|5ta^ 
-f-bT^2 2 0£BX 1 9H/CT«t*'T^6. : f- 
&y^2 28lilMrT*2 28fcra¥Mfc&-5T, ^ 
S<i'J V?2 2 8£0rt^<iP*^2 2 9C<fc-?T-9--feT^ 2 
2 0^MiA>£>8tf§]$;Jx-O ">•!>. APV^*/H-*2 3 0 
f+yA'2 1 20ffl!lffi{ClE«$^T±3 , 9. ^Srf- 

t>A'2 1 2mzmx-^hXoi l zm.^tix^h. tan 
2 1 2<7)mm±i,z&mztLX}5>o. tsf+w^ 1 2 

[00 12] a»<0W«K5V7*2 3 4*»f-vW«2 1 

2<7)ffl KHzmmztixa*). -tn^o3t*±»K-A2 

14atn r »H— A2 1 6 2riitT^r^2 2 0±(C 
fclfts •9--fe7"^2 2 0SrjD.^-rS. ±«H-A2 14» 
t/TSPF— A2 1 6(i, 7>-72 34*^«B:MU 

±»H-A2 1 4&UTTWH-A2 1 6ti. H&fc:^ 

mmf&M<rffi%V>mzft LX jffiittT* 6 A. JtlR 

wsv^f§ii5s>j£&^ir^ *Lxmmi-*>;<2 1 2<^ 
ynt iSf ^ va*2 2 o^^i-A^Mt^it 

m-tyy-2 3 6«±. TSPK-A2 1 6«t 0T^*$ix 
TfcO. TnUH— A2 1.6taUT-9-H:r^220*ffi 
WJS^tlSlM^oT^S. aS-fe>-9-2 3 6*^ if-fe 
772 20 tfMf&tStl&miZ-?*:?? 2 2 0 3&»ibSc»S 
<r*lSy«8«:»fC-9-brjJ' 2 2 0 coigns- *:-^-f.?> 

fciboi&g-fcvif 2 3 7 SrPIKftCffi^jiX.T't^^. 

[0013] ±gff? 5 vry 2 4 8*^ ±gp h-a 
2 1 4 aftsj9«gffi£ ffl^•cwr ^.T^yyy 

5 0(i. TWK-A2 1 6<75ttHffl*S£»t 

tiX^X. ±M K— A 2 1 4241/T^fP H— A 2 16 tifflS 
S2 1 8tC«|tf>Wt^^TV^. 
[0 0 14] 'J7^^2 1 0«\ ItlRf-f 1 2W 

(ft*fl«jyx*j|||,fe^Wltfll^APV^^H 2 3 

4 . «S2 1 8rt«KE«$#lfc» XTV- V 2 7 9 . 
&t^±g?7 -f7"282i:Ta57>f^284i: <0iCM 
S^a»2 6 0i*O. 31»2 6 0<i^W<2 1 2 
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<0±SB2 2 2fc5&l,vCH.g>. i^'Jnyy-x^, K— 

tf**-* yy°2 3 8^^n"-/7;P2 74. ifATV— b 
27 9. &yiiK2 6 0$:^LT. f+VA*2 1 2cO_L 
gB2 2 2fcjM4>*lS. 

[00 15] iJ7??2 1 0l±£/t. *3St(H 2 )XtiS 

itH?-* Wx*2 1 2 OTSP 2 2 4 lzi*& fctbff) 
34l£L£^S«:#xAP2 6 2 £-£tf. 02^-TJ: 3 
fc, ^}Stt^-^XAP2 6 2(i. JJraffcftJf. A 
•y 7 A- 2 7 4 . if b 2 7 9RJ/TM7 -f 2 8 

4£a9fttt4ftSWte#a$:ft^ffl3toa»2 6 2# 

b* 2 3 0 k -mt-t h Zki>X'Z. -*<0IS«. 

1±; s- . tmfix t una* < fflw&vinzm 

IWH. ^vS1i^-^'xAP2 6 2{i. £>f Lt 
«tW^AP-?-*/PH 2 3 0 fc-ft^XliW'&o 

[0016] *«W=tJJtStSa&SiU T9 9<r)i]*\£U 
2 3 2 ^H*fi0ffi<O«frBr®iaS-ia3 fcjtff. #XfflP 
2 3 2(1 ?-*W<±M2 2 2^112 1 8£0*K2£ 

■csEtffc»sei»3oo**tf. »«i»3ooti. ± 

*5>f -t-2 8 2 fcT»5-f ^2 8 4 fctf>R]fcJB«3*U 
ft^<Jti2 2 2 fcfflHt2 1 scortgfcaofiJKStrtfc 
±SP31IS3 0 2^*tf„ JniT. 9fMil?§3 0 0J2. n 
&2 1 8rt*B5(cE«5*Ut»ArW'- b 2 7 80F«: 
J^{K$*UtP^,f-v^;U3 0 4 k-g-t*. 

7<Befttr)wnnj£v-xtf* 3 3 m 

LXMM2 1 8<0^ffllTfif»f-v^3 0 4taSttSil 
TV*£. ftoTf-*VA±»2 2 2fc:iS9&i;hJfclfe» 
_LgfiIS&3 0 2frL>m%1-^*)V3 0 4 *31o 

t, ttip>'^r2 3 3^fc^m$fi-g.. 

[0017] H2 fcjj**13afc* 'JT^^Ii. f}fr«j 'J r 
9 ttb-h. MM. 2 1 83feVt±S9>f i-2 

8 2St/TgP5-<^2 84{±. 4Hr«S14'Mr9--fe7'*2 
2 0 (Atft^tzBOTvOifc^x— ") i 0 tUSW 

1 7i-^(i9 0 0 — 1 2 0 0*O0ia?)SSS£T'Mfc$ 
*U — 3u «(&t/5^){i^4 0 0 — 6 0 0*CcoS 

arc* h . wa&tf# ? a -r<»tmtfi&\ vr>\t . u 7 1^ 

?^235*>'J.^t7>'7234*> & OttSSRBt & * W" 
«2 1 8£a-jTftSWffc<flf«ILTV* 

[0 0 18] #Xltin2 3 2f±£*:. f-^WN'TS52 2 
4 *»4>TW9>f 2 8 4 *a L-T #WuIS& 3 0 0 * T'ffi 
^3^5X3 0 6 M^A:3 0 6{i;. 123 



lZ7jki-£ ? tzffltim 3 0 0 cO±gPffi8S 3 0 2 fc £H L 

«B2 2 4*^am^3 0 6£a9. ±»?-v X'TOR 3 
0 2O-«*a«\ »*f+*/l'3 0 4SI^ UP'* 
-fr2 3 2^fc»f{ttS*i4. S^3 0 6{±^-A'>'AT 
3 0 0^*-^#*jWtt»#iiiS*l.4«r 

[0019] Jtntf . W4#B;«f 

X4 0 0^*» *'XAPV^*^K 2 3 0Mft^'i 
SB52 2 2ta^<Xi. *aWr*«#XfcUL ft^A 
2 1 2rttcE«$it4'>x- J 'Mi4^J4aag±fcrll!*«l 

h. #«Bjj<W4U^ra-TJfc«jyxtt, "^-tr* 2 2 
0 OJbfcEaSfUt "> x — > N±fc yl)3 >-c7XC tf* * S' 
^/P********:*)^^*. Jt?f#X4 0 0{S— 
t/^y, b 'J^n^^ySJ' (trichloralsi 
lane) . -J^U^lV-yyy (dichloralsi lane) _ $.T/ 
tt h5;nn;|/y5> (tetrachlorolsilane) ^ ( 

(phosphene) s ^--K^^. S.f : 'Tyl->'>'^ ( <Iil 

»5 'J 7 bMtfMH-i-^KWU. 3 5 
~7 5 S LMcOJt^'XgEC^f -r ';^"XS:#tf) *^ 
aftf-^r W"Ui«2 2 2fc:aS>*lT, ^x-^N^tC^'J 
■a^a^itaSiift. lfe«^'X4 0 0coafLti:. 

t,z\nm&26 0frh z mLV>722s*m$} v ). 

2 20 m/*7* SrStflJ 0 . RStWcO^ U V 

7228 iigffl*) , Sfma8S3 o oa^i-eajiasrc 

fi'J^2 2 8, -9--bT^2 2 
0. aif«iaS*t4^*WNfc: < J:- a T*«aJK*4V« 

^f»'J >-^'«48 0 0—1 20 cccora^ffl^^fi&p^^ 

[0020] St, *«^*<f-ir W<±»^ta^*i- 
•l>-7fT\ JlMR»4V^««R<^iiSe^#. S'JICf 

^NTffl 2 2 4^vt ^l^ixS . JRStt/t-ytf* k 
It. Tn-feX?agt3fcV^f-\'WN"c07 >f— ^-v (feat 
ure) i:. tft^^yvs'2 1 2Catia3ilA'>x- 

■§>. rw^Mtt^N'-^^Ji. f+>A2 1 2i*lfc$)l> 
^U^"2 2 8at/1^-fe7°^2 2 0tcJ:-?Ta* 

W(c*t«^ k m t&mztmz ti& . ^- ^ 

X4 0 2«+. f+yAJ:f2 2 2 (Ci3(t^«lffi*"XCOff 
7J t« LT jEcOE^I ^ ^- -v W N~Fg|5 2 2 4 ^C^fe? 
*4J:3=Sra«T'f-*>-''n r W2 2 4^i:a<9ix4. « 
oT. K*tW^*X4 0 0*^:^2 2 9^Iotf-?yA' 
T352 2 4'vfcil*U ■9-Hsr^2 2 0oaUlfc:«BW-6 
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[0021 ] Wlz , 3RStt^-^^4 0 214, ilStfv 

306 3 o o^o-HMr^sse^-^y 

Xg£4 0 2 b S8UtTf-* y^TSB 2 2 4 1*1 

iz&bti. tm#xiffl9m»3 o oosww--**^ 

0 4 F*TC*»l/C *0+te««Mt»WBj« §*l$rV*J: 3 1 

aWM**-**^ 0 4£i2IS>ft.T. ffMf^^3 0 4 
^'JPfft^il. ^il(cJ:-?TPMf-v^3 0 4rtfcts»t 

ftcotikmmB®.tim±2ti2> . *^ 3 0 4 ^\co 

*aattf>in£k' i-'tfx 4 0 2b #3rV 1 fc . gfMf- * * 
/l-304t4. {Bffi2 1 8#*^$^t^l))tfttC. -f-b 
2 2 0 X 0 *>SWWfc»ifc«JIW= ! SrO . |h]?"V* 

%->X*ftmtz£tti£. S^t<J42-24SLM 
X'hh *»£fi^*Stt; N-y#X402bCJ:ot 
XATO2 2 9Sra->TT^c«h.SC: fc**G&jt£ix 
X . 4 fcltjRtf^iSBfcf-* 3 0 4 l*lT"<7)<Si8i£Hi 
jttf-SBWCf-W*? 1 2 0TgP2 2 4^tiM^iX 

[0 0 2 2] 05 (a) St/05 ( b ) {4, ^Z_htlh 

% < <owmft 3 0 6 mvtco o*>2 -ocvBttcoiEmm mm 

3 0 6 {4. _bgPiSSS3 0 2^SETCffiB$nT. 

A2 2 2^S*^^«BrM±OSPSP(4. 4*5r< 1 
W220 OglWtafc |S| t^S * * LT 

a£ u>. 05(b) tc^-j: o^i&cDmmmx'it. 

il^3 0 6J4. 7*7^^2 84<0»i«iU^:rt»*iS 
«&&$*IT, -f-^-m3&^«a»3 0 0 fclS^Lfc« 
R<^*3iTJfc?LXttHU» 5 0 2 LT»J«3*i4 - 1 
fcTSi. a^3 0 6^««4. f^^2 12«± 

gP2 2 2rto*t«^4 o ocD/i»^l^;:(3^:^tw#£■ 
[ 0 0 2 3 ] 2 2 9 t iIStfv3 0 6 £31iif-*ffl*t 
6*)SS4 0 2 a 51/ 4 0 2b (4mm. 181812 2 9<F> 
mm&tm$KK3 0 6tf>BrB«i:<oJtegfc.i:o-c&5££ 

nmrnmi*. j>mo>-72 2 8Tm3.tiKwmfrt>v-t 

r^2 2 0OB8«*ilLg|V^fc<0i:*4(-ri*j^jr 
R p »-jtR,»). ■?*7?2 20t^f&Vy7'ti<mzh 

2 0 t <5DfgK£qE-fi>g/M)®fgfc l^Itt^l.. Jl 
^3 0 6O»Mft4. f-v»N*T«2 2 4rttBBficL 



^1^3 0 6 cO^Bpm^ffT'fflm^. 05 (b) 

Hng|55 0 2<7)BiaS:^thLfe<,<0i:^S. 
[0024] *fKlie j;^uf % M»7t2 2 9 ^*ffi«(4 

J: 3 tcfcMfcSitT v . ,1 c^raT'+^&M^Jn 

?>tm#x<?>mm}i±ztL&. mn^3 0 6o»r®» 

(4. 2ooKft(cJ:o?#E£ftit6*i.&. 5tf\ SISfcA: 
3 0 6 iOBr®«(4 . Tiff 5 -f t- 2 8 4 OttttttSftft&tf 

ma 2 2 9 1 as^x 3 0 6 cvmmwmw <5^s< 

Ifcfr£ixT. *<Z)tt*. l*ia2 2 9£Sa4**Stt/W 
^S4 0 2ai« > ^>-A±gB2 2 2#>£>f->r:wn r 
352 2 4s\cr>i$.m*fXfoWL$:m±X'Z Sttf <0+#&m 
b&ti>&nttitt:t>%\>\ tm2 29<MBffl9tkMSlift. 

■ 3 0 6<7)mmmt(7>itm$:%)3 ■. uz-t&t. 5'j-yh 

)V<r>^y^X-im.A'xm&if4 5 — 7 Oslm. rt— 
iStfXffiMtfl 2 s 1 mzmtz. &!5%mMUmt>tl 

[0025] mmimnmmmmz&iizwmtfxv) 
mfc£ffi±^&fcftvm , e%xsijmi l z-o^TW<.rz. * 

--fm^mm^mELx^iz^^z t ami-, 
mmt^x-hz. mmmi,z®r>tzm«*$azzmf 

3 >m*mmt& rz#><r>tm& vrt* izm Lxmm t 
[0026] *ff>± o >sr. *miv>$mte. m&mzi 

[0027] J3Ut, *Sei»rtfc:tJ»t4»^<0«|»* 

[0®co©#^i»^] 

[01 ] f**5e'JT??<DBW0T*i» <> 
[02 ] *^OtfeS^'J tx-bh . 

[03] *»!HiotsgfcSur^^fc:*j»t4^»ajp» 
Jfc*dBrffi0T-&S. 

[04] *fra<Ol3d^UT^^lc^»t4^j8m&l^ 
Hf-b 7*^ C7)^®0T'S> h . 

[05 ] ( a ) (4. *fKB«SQBB«fc:*Jttsa»3^aS. 
tf#M&lS&<OjEB0T£> 0 . < b ) <4» 

wmiz&vh ®stf\%.vmfms&cr>iEwmx-h h . 
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[05] 
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U> 




( b) 



<72)»»& "T-iVlvY jr- 

T^< U;fr-ftRB. 
2308 

<72)»#f y-v b*-. 
t* »j^-&*b 
y/u-^yby, 

X 3710 



-. *j—fuvy 
#vy*;i>-TM, 
yyf 4— YH*f 

yA U- 



C72)fKS# HUT ^TUi-. 7T^ 

7^ 'J * #3511 , *'J7t /l^-TM , 

U — h 152 

^---^fx.A)V, a^y;\- T*fx.— 
a- 1180, ^y^-J-125 



